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(54) Switch mechanism 

(57) A switch mechanism comprising a housing in 
which a switch is mounted, the switch being actuable to 
switch between first and second conditions. A cam is 
mounted within the housing to rotate about a predeter- 
mined cam axis, the cam defining a cam surface against 
which a cam follower bears such that rotation of the cam 
causes displacement of the cam follower to activate the 
switch. An actuator shaft which may be connected to a 
safety rope is mounted to be axially displaceable within 
the housing, the actuator shaft being mechanically cou- 
pled to the cam such that axial displacement of the shaft 
causes the cam to rotate about its axis. The actuator 
shaft is positionable in an intermediate axial position in 
which the cam is rotatable to a predetermined rotational 



position such that the cam follower causes the switch to 
assume the first condition. Displacement of the actuator 
shaft from the intermediate position when the cam is in 
the predetermined position rotates the cam such that the 
cam follower causes the switch to assume the second 
position. The cam axis is transversed to the displace- 
ment direction of the actuator shaft. The actuator shaft 
defines first and second abutment surfaces, the first 
abutment surface bearing against and causing rotation 
of the cam when the actuator shaft is displaced from the 
intermediate position in one direction, and the second 
abutment surface bearing against and causing rotation 
of the cam when the actuator is displaced from the in- 
termediate position in the other direction. 
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Description 

[0001] The present invention relates to a switch 
mechanism and more particularly, but not exclusively, 
to a switch mechanism which can be operated by a rope 
to control the supply of power to for example kinetic ma- 
chinery. 

[0002] Known rope operated switch mechanisms 
comprise a safety switch adapted to be fitted in proximity 
to a machine and an actuator connected to the switch 
an operable by a rope to turn off the electrical power 
supply when the rope is pulled or slackened. Safety 
switches of this type have a housing in which a switch 
is mounted, the switch being actuabte to switch between 
first and second conditions, the first condition corre- 
sponding for example to a pair on condition and the sec- 
ond condition corresponding to a pair off condition. A 
cam is mounted within the housing, the cam defining a 
cam surface against which a cam follower bears. Dis- 
placement of the cam causes displacement of the cam 
follower to actuate the switch. 

[0003] In one known switch described in US Patent 
5,665,947, the cam is defined by a side surface of an 
axially displaceable shaft. The cam follower is in the 
form of a ball which is biased against the side of the shaft 
and a switch operating member which is pushed out- 
wards relative to the housing so as to protrude into con- 
tact with the switch. The arrangement is such that a me- 
chanical snap action mechanism is achieved which 
locks the cam structure in position so as to maintain the 
switch operator in an extending position after axial dis- 
placement of the shaft either as the result of the pulling 
of the shaft outwards relative to the housing as a result 
of tension being applied to a cable connected to the 
shaft or as a result of that cable being severed. Thus the 
shaft is displaceable from an intermediate position in 
which the switch assumes one of the first and second 
conditions and positions displaced in either direction rel- 
ative to that intermediate position in which the switch is 
in the other of the two conditions. 
[0004] The arrangement described in US 5,665,947 
works satisfactorily but the overall size of the mecha- 
nism is relatively large-given- that components displaced 
as a result of axial movement of the shaft are located to 
the side of that shaft. Furthermore, although the. de- 
scribed mechanism is clatmedrto provide a snap.action, 
great care must be taken in setting up the various com- 
ponents so that the system always operates Tehabty^ It 
is of course important that if the shaft is displaced to a 
position in which an associated machine is disabled by 
for example pulling gently on the rope release of the 
rope does not result in the shaft returning to a position 
in which the machine is re-energised. 
[0005] International Patent Application No. 
WO97/20334 describes a switch mechanism in whicfv 
axial displacements of the shaft connected to the rope 
are used to displace a pivotal leve/. relative to. a cam 
surface defined by the switching mechanism housing. 
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This effectively amplifies the magnitude of axial dis- 
placements of the shaft so as to make it easier to ar- 
range an over centre mechanism to rapidly rotate the 
cam as soon as a relatively small displacement of the 

5 shaft has occurred. The positioning of a pivotally mount- 
ed lever and a cam surface to one side of the actuator 
shaft does however require a relatively large housing to 
accommodate all of the components. 
[0006] It is an object of the present invention to pro- 

io vide a switch mechanism which can be used in associ- 
ation with a rope switch arrangement and which is both 
compact and reliable. 

[0007] According to the present invention there is pro- 
vided a switch mechanism comprising a housing, a 

1 5 switch mounted within the housing, the switch being ac- 
tuable to switch between first and second conditions, a 
cam mounted within the housing to rotate about a pre- 
determined cam axis, the cam defining a cam surface, 
a cam follower mounted within the housing, the cam fol- 

20 lower bearing against the cam surface such that rotation 
of the cam causes displacement of the cam follower to 
activate the switch, and an actuator shaft mounted to be 
axially displaceable within the housing, the actuator 
shaft being mechanically coupled to the cam such that 

25 axial displacement of the shaft causes the cam to rotate 
about its axis, wherein the actuator shaft is positionable 
in an intermediate axial position in which the cam is ro- 
tatable to a predetermined rotational position such that 
the cam follower causes the switch to assume the first 

30 condition, displacement of the actuator shaft from the 
intermediate position when the cam is in the predeter- 
mined position rotates the cam such that the cam fol- 
lower causes the switch to assume the second position, 
the cam axis is transverse to the displacement direction 

35 of the actuator shaft, and the actuator shaft defines first 
and second abutment surfaces, the first abutment sur- 
face bearing against and causing rotation of the cam 
when the actuator shaft is displaced from the interme- 
diate position in one direction, and the second abutment 

40 surface bearing against and causing rotation of the cam 
when the actuator is displaced from the intermediate po- 
sition in the other direction. 

[0008] An end of the actuator shaft adjacent the cam 
may define first and second arms which extend on op- 
45 posite sides of the cam, the first arm defining the first 
abutment surface and the second arm defining the sec- 
ond abutment surface. Each arm may define further 
abutment surfaces, the further abutment surfaces ob- 
structing rotation of the cam to the predetermined rota- 
50 tional position unless the actuator shaft is in the inter- 
mediate position. The arms may be defined by a fork 
member which is separable from but axially locked to a 
shaft member. The cam rotation axis is preferably 
aligned with an axis along which an actuator shaft is dis- 
ss placeable. Thus a very compact overalf mechanism can 
be provided with all the active components in line. 
[0009] A snap-action operation may be achieved by 
providing a member which is biased against the cam in 
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a direction transverse to the cam axis, and arranging 
that the member bears against the side of the cam 
shaped such that when the cam is in the predetermined 
rotational position the biasing direction is aligned with 
the cam axis, and such that after rotation of the cam 
away from the predetermined rotational position the 
member applies a torque to the cam in a direction to 
increase that direction. 

[001 0] Given that the cam axis is transverse to the ac- 
tuator shaft axis, one end of the cam may extend outside 
the housing to enable that end to be gripped to apply 
torque manually to rotate the cam. 
[001 1] The housing may comprise three section, each 
section receiving a respective one of the actuator shaft, 
the cam and the switch. The actuator shaft extends into 
the section receiving the cam and the cam follower ex- 
tends from the switch into the section receiving the cam. 
[0012] An embodiment of the present invention will 
now be described, by way of example, with reference to 
the accompanying drawings, in which: 

Figure 1 is a perspective view of a rope switch as- 
sembly in accordance with the invention; 
Figure 2 is an exploded view of components of the 
assembly of Figure 1 ; 

Figure 3 is a further exploded view of components 
of the assembly of Figure 1; 
Figure 4 is a perspective view of internal compo- 
nents of the assembly of Figure 1 ; 
Figure 5 is a view from below of an actuator fork 
shown in Figure 4; 

Figure 6 is a perspective view of the actuator fork 

of Figure 5 as seen from above; 

Figure 7 is a perspective view of the actuator fork 

of Figure 5 as seen from below; 

Figure 8 is a view of a rotatable camshaft shown in 

Figure 4; 

Figure 9 is a section on line 9-9 of Figure 8; 
Figure 10 is a section on line 10-10 of Figure 8; 
Figure 1 1 is an exploded view showing the camshaft 
of Figure 8 and a reset knob which in use engages 
the camshaft; and 

Figure 1-2 is an exploded view of the camshaft of 
Figure 8 and its housing and associated compo- 
nents. 

[001 3] Referring to Figure 1 , the assembly comprises 
a metallic eye 1 for attachment to a rope (not shown). 
Eye 1 is attached.to a shaft (not shown in the view of 
Figure 1) which passes through a resilient boot 2 into a 
first housing section 3. Housing 3-defines:a window pro- 
vided with a transparent cover 4 to allow the observation 
of the movement of components withtn;the housing 3 
through that window. A second housing, section 5 re- 
ceives an actuator camshaft (not shown-in the view of 
Figure 1) which is engaged by a reset knob 6 extending 
outside the housing 5. Housings 3 and 5 are connected 
to a third housing section 7 which in use housesa switch 



assembly of known type (not shown in the view of Figure 
1 ). Switch housing 7 has a lid 8 which is secured in po- 
sition by bolts 9. The housings 3, 5 and 7 are secured 
together by bolts 10. 

5 [0014] Referring to Figure 2, a resilient plug 1 1 is pro- 
vided to block a cable entry port in the switch housing 
7. In use cables are pushed through apertures cut in the 
plug 11 and connected to a switch assembly (not shown 
in Figure 2) located within the switch housing 7. A fork 

*o 12 which is axiatly displaceable with the eye 1 extends 
from the spring housing 3 to engage in the actuator 
housing 5. A cam follower plunger 13 is positioned be- 
tween the actuator housing Sand the switch housing 7 
to transmit axial motion between the actuator housing 5 

15 and the switch assembly which in use is mounted within 
the switch housing 7. 

[0015] Referring to Figure 3, this shows in greater de- 
tail the structure of the spring housing 3. The eye 1 de- 
fines a groove 14 in which a radially extending lip 15 

20 defined by one end of the resilient boot 2 engages to 
form a seal. The other end of the boot 2 is generally 
cylindrical and in use engages over a cylindrical exten- 
sion 16 defined by the spring housing 3. The eye 1 is 
connected by a nut and washer to a threaded end of a 

25 shaft 1 7, the other end of the shaft 1 7 defining a square 
flange 18. The shaft 17 and fork 12 together define a 
cam actuator shaft. As described in greater detail below, 
the flange 18 is engaged in the fork 12 such that the two 
components are axially locked together, a compression 

30 spring 19 being arranged around the shaft 17 and be- 
tween the housing 3 and the fork 12 such that the eye 
1 is biased by the spring towards the housing 3. A gasket 
20 is provided to seal the joint between the spring hous- 
ing 3 and the actuator housing 5. 

35 [0016] Referring to Figure 4, this illustrates the com- 
ponents received within the three housing sections 3, 5 
and 7. The reset knob 6 is engaged on one end of a 
camshaft 21 against which the plunger 13 bears. The 
. camshaft 21 is located between two fingers defined by 

40 the fork 1 2, and is acted upon by a first member 22which 
is biased against the camshaft 21 by a compression 
spring located between the first member 22 and a sec- 
ond member 23. The member 23 is retained in engage- 
ment with the actuator housing 5 (Figure 2) as described 

45 jn greater detail below. The plunger 13 is located adja- 
cent an actuating plunger 24 of a switch assembly, 25. 
which in use is secured within the switch housing 7 (Fig- 
ure 2) by bolts 26. 

[0017] In the position of the components as shown in 
50 Figure 4, the piunger 13 is retracted from contact with 
the plunger 24. If however the fork 12 is moved in either 
axial direction as a result of displacement of the eye 1 
the camshaft 21 will be rotated from the position shown, 
displacing the plunger 13 into contact with the plunger 
55 24 and thereby causing contacts mounted within the 
switch assembly 25 to switch. The detailed interaction 
of the components which causes such rotation of the 
camshaft 21 will now be described with reference to Fig- 
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ures5to 12. 

[0018] Referring to Figures 5, 6 and 7, the detailed 
structure of the fork 12 is illustrated. One end of the fork 
defines a rectangular slot 27 into which the square 
flange 18 mounted on the end of the shaft 17 can be 5 
slipped so that the shaft 17 is received within an open 
sided bore 28. Thus by appropriate manipulation of the 
shaft 17 relative to the fork 12 those two components 
can be inter-engaged so as to move in the axial direction 
as a single body. As shown in Figure 6, on the side of 
the fork remote from the slot 27 an arrowhead shaped 
projection 29 is defined, that projection being positioned 
so as be visible beneath the window 4 (see Figure 1 ). 
Thus the axial position of the fork relative to the spring 
housing 3 can be accurately visually assessed simply 
by looking through the window 4. 
[0019] The other end of the fork supports two arms 
defining abutment surfaces 30, 31, 32a and 32b which 
are significant to the control of the rotation of the cam- 
shaft. The first abutment surface 30 acts to apply a force 
to the camshaft when the shaft 17 (Figure 4) is moved 
to the right in Figure 4, the second abutment surface 31 
applies a force to the camshaft when the shaft 1 7 moves 
to the left in Figure 1, and the further abutment surface 
32a obstructs rotation of the camshaft in the event that 
the camshaft has been displaced as the result of shaft 
17 being moved to the left in Figure 4 and not pulled 
back, for example by tightening a rope attached to the 
eye 1 . The further abutment surface 32b serves a similar 
purpose when the shaft 17 has been displaced in the 
opposite direction. 

[0020] Referring to Figures 8, 9, 10 and 11, the de- 
tailed structure of the camshaft 21 will now be described. 
The camshaft 21 is in three sections, that is a head 33 
onto which the reset knob 6 (Figures 1 , 4 and 11 ) is en- 
gaged, a central section defining an edge 34 facing the 
spring biased member 22 (Figure 4), and a base section 
defining a central hub 35. 

[0021] Figure 9 is a section through the base section 
showing a recess 36 which in the orientation shown in 
Figure 4 is aligned to receive the end of the plunger- 1 3. 
Projecting from the hub 35 are two cams defining sur- 
faces 37 and 38. In the orientation of the camshaft 21 
shown in Figure 4, the surface 37 faces the surface 30 
defined by the fork, and the surface 38 faces the surface 
30 defined by the fork. As is most readily seen from Fig- 
ure 5, the surfaces 30 and 31 are offset in the axial di- 
rection such that an axial displacement of the fork can 
to a small extent be accommodated without any force 
being applied to the camshaft 21 . The surface 38 ex- 
tends from a corner 39, that corner being intended to 
pass along the surface 32a of the fork if the surface 30 
on the fork pushes the camshaft 21 so as to cause it to 
rotate in the direction of arrow 40 in Figure 9. 
[0022] Referring to Figure 10, this shows the edge 34 
on the central section of the camshaft and the recess 
36 which receives the switch actuating plunger 13 (Fig- 
ure 4). In the orientation of the camshaft shown in Figure 



4, two flat surfaces 41 and 42 extending at right angles 
from the edge 34 are each inclined at 45° to the axis of 
the shaft 17. Pressure is applied to the edge 34 by the 
spring biased member 22 but no significant torque is ap- 
plied as the spring force is directed through the axis of 
rotation of the camshaft 21 . If however the camshaft 21 
is rotated from the position shown in Figure 4 the cam- 
shaft 21 will be driven in rotation as a result of the spring 
force (which is applied through the edge 34) no longer 
being directed through the camshaft rotation axis. The 
camshaft 21 will as a result snap into a position in which 
one of the surfaces 41 and 42 lies flat against the mem- 
ber 21 . In such an orientation the switch actuating plung- 
er 13 will no longer be received within the recess 36, 
and as a result the plunger 13 will be axially displaced 
against the plunger 24 of the switch assembly 25 (Figure 
4). 

[0023] Referring to Figure 12, this shows the cam- 
shaft assembly in greater detaik The camshaft 21 is in- 
serted into a first bore 43 defined by the actuator hous- 
ing 5. A bush 44 provides a secure support for the base 
of the camshaft and the reset knob 6 is received in a 
recessed edge formed around the opening of the bore 
43. A second bore 45 receives the member 22 which is 
slidable against the central section of the camshaft un- 
der the action of a compression spring 46. An end por- 
tion of the member 23 is threaded (not shown) so that it 
can be screwed into a threaded (not shown) section of 
the bore 45 to maintain an appropriate degree of com- 
pression on the spring 46. A third bore 47 receives the 
arms defined by the fork 12 (Figures 5 to 7) to enable 
the surfaces 30 and 31 defined by the fork to be posi- 
tioned facing the surfaces 37 and 38 of the camshaft 21. 
On assembly, it is necessary to position the camshaft 
21 so that the limb of the fork defining surface 30 can 
be pushed around the side of the cam from which the 
surface 37 extends. With the fork so inserted it will not 
be possible then to turn the reset button back to the po- 
sition shown in Figure 4 as the surface 32a defined by 
the fork will present an obstruction to the corner 39 of 
the camshaft. Only after the fork has been pulled back 
can the* reset button 6 be rotated to the position shown 
in Eigure 4. 

[0024] As shown in Figure 12, a gasket 48 is provided 
to forma seal between the actuator housing 5 and the 
swrtcft housing 7. When the three housing sections are 
connectedtogether the.overaH assembly can be mount- 
ed on a support surface and the eye 1 can be connected 
to a rope. When the rope is slack, the eye 1 will be dis- 
placed towards the spring housing 3, causing the sur- 
face 31 of the fork to. push against the surface 38 of the 
camshaft 2V. This in turn causes-the camshaft 21 to ro- 
tate in the direction away from the surface 31 . This forc- 
es the plunger. 13, away from the axis of the camshaft 
21 , actuating the switch assembly and disabling asso- 
ciated equipment. If an attempt is then made to turn the 
reset knob 6 to the position shown in Figure 4 without 
first withdrawing the fork 12, the cam corner 39 is 
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pressed against the surface 32 and further rotation of 
the recess knob is prevented. If however tension is then 
applied to the rope so as to pull the fork back to the point 
at which the surface 32 is pulled clear of the cam corner 
39, the reset knob can then be rotated. If thereafter the 
rope tension is increased further, the surface 30 of the 
fork will be brought to bear against the surface 37 of the 
camshaft 21 , again causing the camshaft to rotate away 
from the position shown in Figure 4. Once again the 
plunger 13 is displaced out of the recess 36, thereby 
disabling associated equipment. 



Claims 

1 . A switch mechanism comprising a housing, a switch 
mounted within the housing, the switch being actu- 
able to switch between first and second conditions, 
a cam mounted within the housing to rotate about 
a predetermined cam axis, the cam defining a cam 
surface, a cam follower mounted within the housing, 
the cam follower bearing against the cam surface 
such that rotation of the cam causes displacement 
of the cam follower to activate the switch, and an 
actuator shaft mounted to be axially displaceable 
within the housing, the actuator shaft being me- 
chanically coupled to the cam such that axial dis- 
placement of the shaft causes the cam to rotate 
about its axis, wherein the actuator shaft is position- 
able in an intermediate axial position in which the 
cam is rotatable to a predetermined rotational posi- 
tion such that the cam follower causes the switch to 
assume the first condition, displacement of the ac- 
tuator shaft from the intermediate position when the 
cam is in the predetermined position rotates the 
cam such that the cam follower causes the switch 
to assume the second position, the cam axis is 
transverse to the displacement direction of the ac- 
tuator shaft, and the actuator shaft defines first and 
second abutment surfaces, the first abutment sur- 
face bearing against and causing rotation of the 
cam when the actuator shaft is displaced from the 
intermediate position in one direction, and the sec- 
ond abutment surface bearing against and causing 
rotation of the cam when the actuator is displaced 
from the intermediate position in the other direction. 

2. A switch mechanism according to claim 1 , wherein 
an end of the actuator shaft adjacent the cam de- 
fines first and second arms which extend on oppo- 
site sides of the cam, the first arm defining the first 
abutment surface and the second arm defining the 
second abutment surface. 

3. A switch mechanism according to claim 2, wherein 
each arm defines a further abutment surface, the 
further abutment surfaces obstructing rotation of 
the cam to the predetermined rotational position un- 



less the actuator shaft is in the intermediate posi- 
tion. 

4. A switch mechanism according to claim 2 or 3, 
5 wherein the arms are defined by a fork member 

which is separable from but axially locked to a shaft 
member. 

5. A switch mechanism according to claim 2, 3 or 4, 
10 wherein the cam rotation axis is aligned with an axis 

along which the actuator shaft is displaceable. 

6. A switch mechanism according to any preceding 
claim, comprising a member which is biased against 

15 the cam in a direction transverse to the cam axis, 
the member bearing against the side of the cam 
shaped such that when the cam is in the predeter- 
mined rotational position the biasing direction is 
aligned with the cam axis, and such that after rota- 
20 tion of the cam away from the predetermined rota- 
tional position the member applies a torque to the 
cam in a direction to increase that rotation. 

7. A switch mechanism according to any preceding 
25 claim, wherein one end of the cam extends outside 

the housing to enable the torque to be applied man- 
ually to the cam. 

8. A switch mechanism according to any preceding 
30 claim, wherein the housing comprises three sec- 
tions, a first one of which receives the actuator 
shaft, a second one of which receives the cam, and 
a third one of which receives the switch, the actuator 
shaft extending into the second section, and the 

35 cam follower extending from the switch into the sec- 
ond section. 

9. A switch mechanism substantially as hereinbefore 
described with reference to the accompanying 

40 drawings. 
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